Development of self-emulsifying drug delivery systems (SEDDS) for ciprofloxacin with improved mucus permeating properties.
The aim of this study was to develop a self-emulsifying drug delivery system (SEDDS) containing the fluoroquinolone antibiotic ciprofloxacin (CIP) exhibiting highly mucus permeating properties and antimicrobial activity in in vitro models. Various SEDDS formulations were developed and evaluated regarding droplet size, polydispersity index, zeta potential and formulation stability. Furthermore, SEDDS permeating properties were investigated in porcine intestinal mucus, as well as in cystic fibrosis (CF) sputum freshly collected from CF patients using Transwell® setup and single particle tracking (SPT), respectively. In order to evaluate antibacterial activity in an in vitro model against Staphylococcus aureus and other pathogens, minimum inhibitory concentrations (MIC) and time-kill curves were determined. In addition, in vitro release of ciprofloxacin and cytotoxicity studies were conducted. The preselected formulations F1 and F11 exhibited a mean droplet size of 79 nm and 25 nm, respectively, and a negative zeta potential. SEDDS containing CIP exhibit improved ability to permeate porcine intestinal mucus and CF sputum. After 4 h, F1-CIP formulation resulted in a 1.6 - fold and F11-CIP a 2.0 - fold higher amount of permeated ciprofloxacin through the sputum layer with respect to free CIP. Moreover, the antimicrobial activity of F11-CIP against S. aureus was higher than that of free CIP. According to these results, SEDDS formulations should be taken into consideration as promising delivery systems for the treatment of pulmonary infections accompanied by mucus dysfunction.